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ABSTRACT 
 
This is a project about the study of exhaust port flow for Proton 4G92 and Toyota 
4 AGE cylinder head. It is a testing using SF-1020 Air Flowbench machine that has 
been used to determine the air flow between the original exhaust port and modified 
exhaust port. In this study, an experiment approach has been performed to investigate 
the flow distribution of exhaust gases that will affect the performance of the engine by 
the design of exhaust port shape for cylinder head. The modification to the cylinder 
head such as eliminates the valve guide, porting and polishing has been done as a 
parameter during this experiment. Both cylinder heads are adapted with modification 
and it gives positive results of air flow increment for every modification applied. The 
highest air flow is in Proton 4G92 cylinder head and it improves the power and 
performance of the engine. 
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ABSTRAK 
 
Projek ini adalah suatu penyelidikan tentang kebuk ekzos pada kepala silinder 
Proton 4G92 dan Toyota 4AGE. Ini adalah satu ujian menggunakan mesin SF-1020 
Flowbench untuk mendapatkan maklumat mengenai aliran udara pada kebuk ekzos 
yang berkeadaan asal dan yang telah dimodifikasi. Dalam kajian ini, kaedah eksperimen 
telah digunakan untuk mengkaji aliran gas ekzos yang akan mempengaruhi  potensi 
sesuatu enjin dengan reka bentuk kebuk ekzos pada kepala silinder. Pengubahsuaian 
pada kepala silinder seperti meratakan panduan injap, pembesaran kepala silinder dan 
meratakan permukaan kepala silinder adalah pembolehubah yang dimanipulasikan 
dalam eksperimen ini. Kedua-dua kepala silinder ini menunjukkan perkembangan 
positif terhadap peningkatan jumlah udara bagi setiap modifikasi yang dibuat. 
Pengaliran udara tertinggi adalah pada kepala silinder Proton 4G92 dan ia 
meningkatkan kuasa dan potensi enjin tersebut. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Project Background 
 
This is a project about the study of exhaust port flow for Proton and Toyota 
cylinder head. It is a testing using SF-1020 Air Flowbench machine that used to 
determine the air flow between the original exhaust port and modified exhaust port. In 
this study, an experiment approach has been performed to investigate the flow 
distribution of exhaust gases that affected the performance of the engine by the design 
of exhaust port shape for cylinder head. The modifications to the cylinder head such as 
eliminate the valve guide, porting, and polishing has been done as a parameter during 
this experiment. 
 
A cylinder head is bolted to the top of each bank of cylinders to seal the 
individual cylinders and contain the combustion process that takes place inside the 
cylinder. The cylinder head contains at least one intake valve and one exhaust valve for 
each cylinder. This allows the air-fuel mixture to enter the cylinder and the burned 
exhaust gas to exit the cylinder.  Both Proton and Toyota engines have four valves in 
each cylinder, two for intake and two for exhaust. 
 
Cylinder head porting refers to the process of modifying the intake and exhaust 
ports of and internal combustion engine to improve the quality and quantity of the gas 
flow. Cylinder head as manufactured are usually suboptimal due to the design and 
manufacturing constrains. Porting head provides the finely detailed attention required to 
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bring the engine to the highest level of efficiency. More than any other single factor, the 
porting process is responsible for the high power output of modern engines. This 
process can be applied to a standard racing engine to optimize its power output for daily 
use or to alter its power output characteristic to suit a particular application. An engine 
running at high speed experiences a totally different substance. 
 
1.2 Problem Statement 
 
In the internal combustion engine, cylinder head is one of the options that have 
been modified by car enthusiast to increase their engines performance. One way of 
increasing engine performance is by increasing the amount of air flow that will be 
drawn into the engine.  Normally, car enthusiast will modified their cylinder head rather 
than simply bolt on the latest racing cylinder head that are available in the market which 
require high in cost. 
 
Main factor of this problem occur when the cylinder head of both engines are not 
same in size and shape. In Toyota engine, the valve and spring are designed smaller 
compared to the valve and spring build in Proton engine. Somehow, the different of this 
design will make the different in engine performance even though the same 1.6 L 
engines used. 
 
Therefore, there are needs to study the effects of the modification methods such as 
eliminating the valve guide, porting and polishing on overall output performance of the 
Toyota 4AGE 1.6L and Proton 4G92 1.6L engine. 
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1.3 Objectives Of The Project 
 
The objectives of the project are:- 
i) To study on the air flow characteristics of the exhaust port in cylinder head. 
ii) To investigate engine power and performance improvement by the amount of air   
          drawn out of the engine. 
iii) To compare the shape and design of 1.6L 4G92 Proton and 1.6L 4AGE Toyota   
          exhaust port in cylinder head engines. 
 
1.4 Scopes Of The Project 
 
i) Studies the detailed of various exhaust port cylinder head engine design based on   
          1.6L 4G92 Proton and 1.6L 4AGE engines. 
ii) Using SF-1020 Air Flowbench machine to investigate the air flow characteristics   
          through exhaust port cylinder head. 
iii) Investigate and study the air flow of original exhaust port for both engines.  
iv) Investigate and study the air flow of modified exhaust port which is eliminating  
the valve guide, porting and polishing. 
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1.5 Flow Chart 
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Figure 1.2: Gantt chart for Final Year Project 1 
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Figure 1.3: Gantt chart for Final Year Project2 
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CHAPTER 2 
 
 
LITERATURE STUDY & ANALYSIS 
 
 
2.1 Cylinder Head 
 
A cylinder head is bolted to the top of each bank of cylinders to seal the 
individual cylinders and contain the combustion process that takes place inside the 
cylinder (Peter Burgess, David Gollan, 2007).  Most cylinder heads are made of cast 
aluminum or cast iron.  The cylinder head contains at least one intake valve and one 
exhaust valve for each cylinder. This allows the air-fuel mixture to enter the cylinder 
and the burned exhaust gas to exit the cylinder.  Engines have at least two valves per 
cylinder, one intake valve and one exhaust valve. Many newer engines are using 
multiple intakes and exhaust valves per cylinder for increased engine power and 
efficiency.    
 
2.2 Poppet Valves 
 
Poppet valves are a very robust and resilient construction for use in industrial 
directional control valves. They are usually very tolerant of typical air line contaminants 
(rust, scale, etc) when used in compressed air service. This type of valve construction is 
typically characterized as being a high flow, fast acting design due to the large flow 
paths through the body that can be opened quickly. Think of a poppet valve very much 
like a stopper or plug in a bath tub drain. When the plug is pulled, the flow path opens 
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quickly and the area that opens is quite large. The large opening of a poppet allows 
particulate to pass through the valve easily (Peter Burgess, David Gollan 2007). 
 
 
Figure 2.1: Poppet valve diagram 
 
Source: www.howstuffworks.com 
 
2.3 Exhaust Valves 
 
The specification of material used for the standard exhaust valves in most 
cylinder heads is 21/4N Austenitic Stainless steel with a chrome plated stem and a hard 
Stellite tip which providing greater wear resistance for where the rocker pad contacts the 
valve. The new wave treatment is to tuft ride the valve stems as an alternative to the 
chrome plating. This is a chemical process that leaves the stem with a hardened wear 
resisting surface without actually altering its diameter by depositing layer on it. This 
gives a stem finish with none of the high spots or the sharp bits that can arise from 
9 
 
chrome plating. 21/4N is the best material for the job. Such valves are already well 
capable of withstanding the rigors of unleaded fuel. (Peter Burgess, David Gollan 2007) 
 
Some heads that have already been reconditioned may have had new exhaust 
valves of a lesser material specification fitted to replace existing ones if they were badly 
worn or damaged in some way. If the existing valves from the head are not too worn, it 
can be reused by a quick test of the exhaust valve material is whether or not they stick to 
a magnet. The Austenitic stainless used for valves is non-magnetic. If the magnet sticks 
to the valves, it will need changing. Many manufacturers’ exhaust valves are now of a 
bi-metal construction, having wear resistant EN52 stems (magnetic) friction welded to a 
21/4N valve head (non-magnetic), this is all right for most read applications where 
standard revs are not exceeded (Peter Burgess,David Gollan 2007). 
 
It might be useful to offer an explanation of the thinking behind favoring the 
standard size exhaust valve. It is based on the pressure differences that exist in the 
cylinder at the end of the power stroke or beginning of the exhaust stroke, and the area 
of valve curtain available for the exhaust gas to flow through. After the work has been 
extracted from the fuel by the piston being pushed down the bore, the residual gas in the 
cylinder is still at a considerably higher pressure than the pressure existing in the 
exhaust manifold and exhaust system. When the exhaust valve opens, the gas leaves the 
cylinder at very high speed due to large pressure difference. 
 
Exhaust blowdown takes a certain length of time to occur, irrespective of the 
speed (rpm) of the engine. But increased engine speed (rpm) means the exhaust valve 
physically open for less time. So, above a certain rpm, complete blowdown cannot occur 
as there is insufficient valve open time for the volume of exhaust gas to be expelled. 
Some exhaust gas is left in the cylinder. This remaining exhaust gas, besides occupying 
some of the space in the cylinder that should be filled by the incoming charge of fresh 
mixture, and power is lost (deliberate contamination with exhaust gas is used as a means 
of reducing emissions). Some of the remedies for this involve increasing the valve area, 
opening the valve sooner (earlier), higher (more lift), longer (more duration) or 
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combinations of all four. The first solution is achieved by fitting a larger exhaust valve, 
giving more area (bigger hole) for the exhaust gas to flow through.  
 
 
 
Figure 2.2: Exhaust valves used in the cylinder head 
 
2.4 Valve Spring 
 
Valve spring is selected to complement the system and must be matched with the 
entire valve train in order for the engine to reach its full potential. It provides a positive 
means of closing the valve and keeping the follower in contact with the camshaft lobe so 
the motion of the valve train is controlled. 
 
 
Figure 2.3: Valve spring attach to the valve at cylinder head 
 
Source: www.howstuffworks.com 
